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the ability to deprotonate to group 8 ate compounds. 7 The same year, Wunderlich and Knochel showed that ferration can be achieved using salt-solubilized (TMP) 2 Fe·2MgCl 2 ·4LiCl (TMP = 2,2,6,6tetramethylpiperidino). 8 We recently accomplished the room temperature deproto-metalation of a large range of substrates including sensitive heterocycles and functionalized benzenes using newly developed lithium-zinc, 9 lithium-cadmium, 10 and lithium-copper(I) 11 combinations, in situ prepared from MCl 2 ·TMEDA (M = Zn, Cd or Cu, TMEDA = N,N,N',N'-tetramethylethylenediamine) and lithium reagents (alkyllithiums or lithium amides). The studies performed using lithium-zinc and lithium-cadmium combinations have notably shown that the more efficient bases were obtained by mixing the metal salt with 3 equiv of LiTMP. 9d,10g A main drawback of the methods developed being the lack of reactivity of such generated arylmetals in direct trapping with electrophiles, we turned to other bimetallic combinations in order to identify candidates able to perform efficient deprotonations, but also to allow direct functionalizations.
We here describe the first aromatic deproto-metalations using lithium-cobalt combinations.
Results and Discussion
The synthesis of organocobalt ate compounds is well-documented in the literature. They are in general obtained by transmetalation of organolithium 12 or -magnesium 13 13 The access to mixed lithium-cobalt amides is far less documented, but seems possible similarly. 14 We first consider the use of CoCl 2 ·TMEDA chelate 15 in order to manipulate a salt less hygroscopic than CoCl 2 , but attempts to prepare it failing in giving good microanalyses, we turned to CoBr 2 . 16 We prepared different lithium-cobalt combinations by mixing the cobalt salt with 3 or 4 equiv of a lithium compound, either LiTMP or mixtures with butyllithium, at 0 °C. We chose anisole
(1) as substrate to check the ability to deprotonate of the mixtures (Table 1) .
Using LiTMP (1 equiv) or (TMP) 2 Co (1 equiv, in situ generated from CoBr 2 and 2 equiv of LiTMP) in tetrahydrofuran (THF) at room temperature for 2 h, and then iodine, anisole (1) was converted into the 2-iodo derivative 2a in 9 or 0% yield, respectively. In contrast, when treated with an in situ prepared mixture of CoBr 2 (1 equiv) and LiTMP (3 equiv) at 25 °C for 2 h, anisole (1) was readily orthometalated, a result evidenced with the formation of 2a in 54% yield after purification (Entry 1).
Lowering the reaction temperature to 0 °C resulted in a low conversion, even after 4 h reaction time (Entries 2 and 3). When performed at 45 °C, the metalation step worked as at 25 °C, affording 2a in 50% yield (Entry 4). It is known that labile ligands can play a role on the course of reactions. 9a To check a possible effect, the reaction was performed at room temperature in the presence of 1 equiv of TMEDA; the 39 and 59% yields respectively obtained with and without TMEDA indicates the deleterious influence of this ligand, uninteresting in this case (Entry 5). The impact of the reaction time was next considered. It was observed that reducing the reaction time to 30 min resulted in a lower 43% yield (Entry 6). Extending the reaction time to 4 h did not bring any improvement (Entry 7), but after 20 h the yield was significantly reduced to 38% (Entry 8). The effect of the base amount was then studied.
Using 0.5 equiv of CoBr 2 and 1.5 equiv of LiTMP led to low conversions, whatever the reaction time (Entry 9). It was possible to find again the 54% yield already obtained Entry 1 by using 1.5 equiv of to allyl bromide are possible pathways, 23 and dimerization from the generated Co(III) species bearing two aryl groups 18a appears as a possible pathway to explain the formation of 3 in this case (Scheme 1).
Other electrophiles favor the dimerization. For example, the use of 2-bromopyridine in order to convert the metalated anisole into the cross-coupling product 2c was similarly threatened by a significant formation of 3 (Entry 21). 
The rest is in general anisole. b 9 and 0% yield using LiTMP and (TMP) 2 Co, respectively, under the same reaction conditions. c Between 17 and 23 °C. d 39% yield in the presence of 1 equiv of TMEDA. e Not quantified. f Low conversion and significant formation of dimer. g 12% using degassed THF. h The high volatility of the compound could be partly responsible for the low yield obtained. i Trapping step performed at 50 °C instead of rt.
The optimized conditions in hands, the use of different electrophiles was attempted ( Table 2) . Anisaldehyde led to the corresponding alcohol 2d in a satisfying yield (Entry 2). The alcohol 2e and ketone 2f were produced in moderate yields upon interception with benzophenone and benzoyl chloride, respectively (Entries 3 and 4).
The phosphine 2g was obtained satisfactorily using chlorodiphenylphosphine, but the cross-coupled derivative 2c was isolated in a low 25% yield due to a significant formation of 3 (Entry 6). 
Trapping step performed at 50 °C instead of rt. b Not quantified. c Using 1 equiv of base.
The method was then extended to other aromatic substrates (Table 3) . Starting from 1,4-dimethoxybenzene (4) and using iodine as electrophile, the expected derivative 5a was obtained in a correct yield provided that 2 equiv of base were used (Entries 1-3). It was noted that a longer reaction time favored the co-formation of diiodides. Trapping with allyl bromide resulted in a significant formation of the dimer 6 whereas the expected allylated compound 5b was isolated in a low 6% yield (Entry 4). These results are similar to those obtained from anisole (1). Benefiting from a greater activation, 1,3-dimethoxybenzene (7) was quantitatively converted to the iodide 8a (Entry 5). Using allyl bromide instead of iodine yielded the derivative 8b in a low yield due to a significant recovery of starting material; in this case, the corresponding dimer 9 was isolated in a low 6% yield (Entry 6). The behavior of 1,2-dimethoxybenzene (10) is similar to that of 1,4-dimethoxybenzene (4); the formation of the corresponding dimer 12 was suppressed by reducing the reaction time to 30 min (Entries 7 and 8). Trapping using allyl bromide led to a significant formation of the dimer 12, limiting the yield of the allylated derivative 11b to 23% (Entry 9). 1,2,3-Trimethoxybenzene (13) led to the expected iodide 14 in a moderate 33% yield, due to a significant recovery of starting material (Entry 10). Performed with 2-methoxypyridine (15), the reaction led to a more important formation of dimer than starting from methoxybenzenes. The iodide resulting from a regioselective metalation next to the methoxy group was isolated in a moderate 43% yield (Entries 11 and 12). Except an increased conversion, a similar result was observed from 2,6-dimethoxypyridine (18) (Entry 13). The method is not suitable to functionalize substrates bearing reactive functions. Indeed, using ethyl benzoate (21), side reactions with the ester function only allowed the expected iodide 22 to be obtained in maximum 22% yield (Entries 14 and 15). A deprotonative metalation followed by a cross-coupling reaction was carried out from thiophene. Using 1 equiv of base (in order to avoid 2,5-dideprotonation), 9d the expected crosscoupled compound was isolated, but in a low 19% yield (Entry 16). 
Conclusion
Like the other lithium-metal combinations, the mixture of CoBr 2 and 3 equiv of LiTMP behaves synergically, but compared with the previously described "all-TMP" lithium-zinc 9 and lithiumcadmium 10 combinations, the base obtained by combining CoBr 2 with 3 equiv of LiTMP is less efficient as far as both conversion and chemoselectivity are concerned. For example, starting from anisole (1), the iodide 2a was isolated in 84% and 75% yield using 0.5 equiv of the lithium-zinc and lithium-cadmium combinations, respectively, against 59% under the same conditions using 1 equiv of the lithium-cobalt one. Concerning the metalation of methoxybenzenes, its efficiency more looks like that of the reported "all-TMP" Gilman-type lithium-copper(I) combination. 11 Nevertheless, the reactivity exhibited by the generated arylmetal species has been improved using lithium-cobalt bases.
In conclusion, compared with the previously reported "all-TMP" reagents, the combination here presented allows more efficient direct trappings for the generated arylmetal compounds, but lacks both efficiency and chemoselectivity. Studies are under development to identify more suitable lithium-metal systems.
Experimental Section
General 3H) , 6.69-6.73 (m, 1H), 6.86-6.95 (m, 2H), 7.28-7.39 (m, 11H); 13 2,2',6,6'-Tetramethoxybiphenyl (9). 9 was obtained according to the general procedure B starting from 1,3-dimethoxybenzene (0.55 g), and using allyl bromide (2.1 mL). It was isolated after purification by flash chromatography on silica gel (eluent: heptane/CH 2 Cl 2 30/70) as a white solid (6%
